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PSYCHOLOGICAL PROPERTIES OF BRUSH, 
PEN AND PENCIL ( I ) 
By 
MASASUKE K U R 0 D A (~EBlE~) 
(College of General Education, Tohoku University, Sendai) 
The brush was studied as an important factor in Japanese graphology in comparison 
with pen and pencil. Subjects, pupils in 3 classes of a national school, were instructed 
to write a Japanese letter "7" during 20 seconds. The results are as follows: 1. 
According to the introspection the pencil is most feasible. 2. The brush tends to write 
larger letters. 3. Two concepts of speed must be discriminated. A distance speed is 
the length of line in which a writing tool moves per unit time. A piece speed is the 
number of letters written in a definite time. 4. In terms of distance speed there is no 
significant difference among the three tools. But in terms of piece speed the pencil 
is speediest, and the brush is slowest. 5. The longer the length of a line to write is, the 
higher the distance speed is. Equations were found on the relations between both 
variables. 
INTRODUCTION 
One of important factors in the graphological studies on Japanese letters 1s the 
brush (mohitu, cf. Fig. 1). The Japanese use the brush 
as well as pen and pencil, though the frequency to use 
the former has become smaller in the present day. 
However the brush is still used for various purposes: 
the basic training of Japanese letter in school educa-
tion, the ceremonious expression of letters, i.e. post 
cards cerebrating a Happy New Year, the address of 
gift and the like, the expression of thick stripes and 
large letters, i.e. the placard of charge, the signboard 
of shop, etc. The brush is also used for the artistic 
purpose, which is common in Europe and America 
as well as in Japan. In this paper an attempt has 
been made to discuss the properties of these writing 
tools, because the brush is used as the tool for writing 
the letters as well as pen and pencil in Japan, though 
pen and pencil are more frequently used in business, 
note, etc. 
Fig. 1 Figure and Size of Usual 
Brush for Letter in Compari-
son with Pen and Pencil. 
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Therfore in our graphological studies particular attention must be paid to the 
brush as an important condition of writing behavior. Now, what is the psychological 
property of brush? By the psychological property we mean the attributes like "easy" 
or "difficult" to write, the capacity of speedy writing, the tendency to write a larger 
or smaller size of a letter, etc. Our graphology must study such properties of the 
brush in comparison with pen and pencil. 
One method to solve the above-mentioned question is to use the measuring 
apparatus, by which we can compare the measured results on the three tools: brush, pen 
and pencil. The author succeeded at first in completing an apparatus measuring the 
speed and pressure of brush movement in 1940. Later in 1961 Takei Factory of 
Machine and Apparatus improved the author's method and completed an appratus not 
only for brush but also for pen and pencil. This apparatus may be effective to our 
study, though there has been no systematic study attempted yet. 
Another method is the measure by way of group, or the statistical method. This 
method consists in the procedure as follows: Many subjects execute simple performance 
with brush, pen or pencil. No special complicated apparatus is used except such a 
simple measure as stopwatch. The results are statistically treated. Yoshioka, I. used 
this method in order to study the relation between the direction of line and the writing 
speed (1956). 
This paper reports the results of the latter method. In order to ascertain the 
results more positively, the second experiment was practiced in Niigata twenty two 
years later after the first experiment had been made in Sendai. The second experiment 
will be reported in the coming paper (II). 
PROCEDURES 
The first experiment was tried in Sendai in January, 1943. Subjects consisted of 
a class of 1st grade boys, a class of 2nd grade girls and a class of 2nd grade boys in 
junior high school. Pupils in those days were accustomed to the use of brush. There-
fore they were regarded as adequate subjects to compare the psychological properties 
of writing tools on the basis of their performances. They were given papers and 
asked to write a series of the Japanese letter "7" (pronounced hu). Each letter was 
written not only vertically according to the traditional mode, but also connected 
continuously so as to treat the results with more easiness. (cf. Fig. 2). 
The paper was white and without section. Subjects were instructed to write the 
letter as large as 1 em square. Preparatory training was continued 2 minutes so that 
every subject might train himself to write the letter so large as he was instructed. In 
the main trial subjects continued to write 20 seconds. Each kind of writing tool, brush, 
pen, or pencil was experimented three times, namely at first "as fast as possible", then 
"carefully and beautifully", and finally "not too fast and not too slowly, but with the 
normal speed". After the trials every subject recorded his introspection on a psycho-
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logical property, assigning the ranks of the writing tools 
according to the easiness or the difficulty to write. 
Besides they were asked how many hours they use pen 
and brush in school room. 
Results of trials were treated as follows: The num-
ber of letter "7" which was written in 20 seconds by 
each subject was calculated. On the other hand the 
total length of letter series written continuously in 20 
seconds by a subject was measured. Dividing the total 
length by 20, we could find the average speed per one 
second. This paper reports only about the trials under 
the condition to write "as fast as possible". The data 
under the other conditions were not dealt with because 
of various external circumstances. 
RESULTS 
1. Feasibility of Manipulation 
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Fig. 2 Series of Letters to be 
Table 1 is the introspective result about the mani- Written in Experiment. 
pulative feasibility of tools. Table 2 indicates the level 
of subjects' familiarity with the brush and pen. 
From Table 1 we can infer that the pencil is most easy to write with: there is none 
who takes the pencil most difficult; there are a few who feel the brush and pen easiest 
to write with. Among three totals (in Gothics) there can be seen a difference with 1% 
level of signfiicance. Viewed separately, "Pencil, the most" and two other categories 
differ with 1% level signfiicance, but there is no signfiicant difference between the 
latter two, "Pen, the most" and "Brush, the most". 
2. Different Size of a Letter Resulting from Different Writing Tools 
It may be reasonable to say that every writing tool manifests its proper scale of 
largeness on the written letter: It is difficult to write with the pen large letters suitable 
to a placard. The pen is fit for the writing of small letters. The brush tends to write a 
a large character. The above-mentioned tendency appeared even in our experiment 
which was executed after subject's warming up to train himself to write a letter in 1 
em square. Table 3 shows the average size of a letter which appears as the result of 
writing by pen, pencil or brush. The size of a letter is here operationally defined as 
the total of both length, horizontal and slanting stripe of "7 ". 
Now, which of pencil, pen and brush makes a pupil write a letter in the largest 
scale~ A pupil may write his largest letter with pencil. Another may write his largest 
with brush. Table 4 represents an answer to such a question. Applied to Table 3 
the analysis of variance, to Table 4 chi-square test on difference of ratio, we get the 
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Table 1. Introspective Results on Manipulative Feasibility of Writing Tools 
Category of Introsp. I Boys II Girls I II Boys Total 
------+---- ---- _________ ,________________ _ 
Pencil, the most 
pc>p>b 
pc>b>p 
<)pc=p>b 
pc>p=b 
*pc=b>p 
pc>b=p 
34.5 
26 
8 
0.5 
0 
0 
0 
33.5 
31 
2 
0 
0 
0.5 
0 
----c---------------------+ 
Pen, the most 
p>b>pc 
p>pc>b 
p=h>pc 
p>h=pc 
<)p=pc>b 
p>pc=b 
Brush, the most 
h>pc>p 
b>p>pc 
*b=pc>p 
b>pc=p 
b=p>pc 
b>p=pc 
No answer 
Numbe; of subjects I 
18.5 
0 
17 
0 
1 
0,5 
0 
2 
2 
0 
0 
0 
0 
0 
0 
55 
3 
0 
3 
0 
0 
0 
0 
2,5 
2 
0 
0.5 
0 
0 
0 
2 
41 
24 
17 
7 
0 
0 
0 
0 
7 
0 
7 
0 
0 
0 
0 
6 
6 
0 
0 
0 
0 
0 
4 
41 
92.0 
28.5 
10.5 
6.0 
117 
-------------------
pc ...... pencil p ...... pen b ...... brush 
I. ..... 1st grade II ...... 2nd grade 
<)Both forms of response are really only one form. So, one subject who reported 
this form is divided by two, and point 0.5 is given to both responses. 
* This sign means also quite the same as the above. 
Table 2. The Frequency of Use of Pen and Brush 
Number of School-Hour 
per Week 
p 
5 
2 
5 
b 
1 
2 
1 
Habitual User of Pen 
through All School-
hour 
0 
0 
3 
User of Fountain pen 
in Pen Experiment 
0 
1 
4 
results as follows: Brush has a clear tendency to write larger form than pencil and 
pen (signfiicant on 1% level). Then, if we regard the difference between I boys and 
II boys as a grade difference, and if we take the difference between II grils and II boys 
as a sex difference, we can recognzie a significanct difference of grade and of sex (1% 
level). Older pupils rather than younger pupils, boys rather than girls write a larger 
form of letter. 
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Table 3. Size of A Letter, Average on Each Class 
Class pc I _____ P --··- .. .....c... ____ b ___ _ 
I Boys 
II Girls 
II Boys 
15.6 mm I 15.0 20.6 
13.8 13.5 19.4 
19.6 I 17.7 24.3 
~-A_v_er_a_g_e __ -----'--~16.36 __ _,_ __ -~-~ _j . ____ 21._43_ 
Table 4. Comparison of Letter Size within an Individual 
Class [ Pencil, the most 
···-~~--- -~~-
I Boys 10 
II Girls 5 
II Boys 7 
Pen, th~_most _I _B_r-_~~· the ~ost 
7 
5 
6 
38 
31 
28 
·---·-- ··-·-··· ~...;.....~~~~~~~~-
Total 22 18 97 
3. The Speed 
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If we divide the length of written stripe by the needed time, we get the writing 
speed per unit time, which will be hereafter called "distance speed". The reason for it 
will be discussed later. Table 5 shows this in the average value of each class. Table 6 
compares the distance speeds of three kinds of writing tool which can be observed in 
each pupil. 
Applied to Table 5 the analysis of variance, there is no difference of distance speed 
among writing tools. The difference of class is remarkable: The grade difference (I 
boys and II boys) is signfiicant, older pupils write far more speedily. The sex difference 
Table 5. Distance Speed (mmfsec.), Average on Each Class 
-···--.---. -. -·· ~--~-~ ~~====~c====== ~-~=-
Class 
I Boys 
II Girls 
II Boys 
pc 
19.6 
17.9 
30.4 
p 
17.0 
16.2 
29.7 
~~~~~~-'--~~~~~~~-~~-~--
Average 20.63 20.96 
~~---~~~~~.........'~~~--~~-
b 
16.4 
17.3 
30.2 
21.30 
Table 6. Comparison of Distance Speed within Each Subject 
Class Pencil, the most 
I 
I Pen, the most I Brush, the most 
I Boys 22 
I 
17 16 
II Girls 15 10 16 
II Boys 17 I 11 13 
Total 54 
-~- .. 
38 I 45 I 
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(II boys and II grils) is also significant, boys write more speedily than grils. Table 6 is 
of the same tendency as Table 5. We cannot find no s1gnfiicant difference of tools. 
From summarizing both talbes, we can conclude that there is no difference among 
writing tools, if we examine the speed in terms of distance speed. This result may be 
unexpectedly contrary to our daily experience, according to which we feel the pencil 
"most speedy", the brush "inadequate to speedy writing". Why has such a fact 
appeared? Here we must re-examine the concept of speed. 
4. The Piece Speed 
We have given consideration to another pattern of speed, the "piece speed". We 
have calculated the piece of letter written in 20 seconds and have got Table 7. Accord-
ing to this table pupils write more speedily with pencil and pen than with brush (signi-
ficant with 5% level). This tendency becomes more clear in Table 8. The pencil 
is "speedier" than the pen, the pen is "speedier" than the brush (with 1% level 
signfiicance). 
Table 7. Piece Speed Average on Each Class 
Class 
I Boys 
II Girls 
II Boys 
Average 
pc 
22.3 
26.9 
31.4 
2~_86 ___ i
p 
21.8 
23.7 
30.2 
25.23 
b 
17.0 
19.1 
24.8 
20.30 
Table 8. Comparison of Piece Speed within Each Subject 
Class Pencil, the most 
----- - ------
I Boys 
II Girls 
II Boys 
---
Total 
41.0 
23.5 
25.0 
89.5 
Pen, the most 
12.5 
17.5 
11.0 
41.0 
I Brush, the most 
------
1.5 
0 
5.0 
6.5 
'Ve must here recognize two kinds of "speed" concept: distance and piece speed. 
If we analyse the speed in terms of distance speed, there is no difference among writing 
tools, pencil, pen and brush, which contradicts our common sense, "the pencil is speedy, 
and the brush is slow". If we analyze the speed in terms of piece speed, the common 
sense may be ascertained: the pencil is speediest, the brush is slowest. 
The ground of this fact may be explained as follows: If we express the distance 
speed with DS, the total length of a letter with L, the number of total written letters 
with n, and the needed time to write the series of letters with t, then is formed in 
general a formula as follows: 
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DS= n. L 
t 
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In the above formula, as to our experiment, DS of each writing tool does not differ, 
in other words, is constant; t is also constant 20 seconds. Now, the larger L is, the 
smaller n becomes. As above mentioned, the brush has larger L than other tools, and as 
the result it must have smaller n. 
5. The Relation between Length and Speed 
At first we restrict provisionally the meanings of the terms here used. In this 
section we shall mean by the "speed" always only the distance speed. By the "length" 
we mean the size of a letter, because in our experiment the latter is reduced to the 
former. 
A regular relation is found between length and speed: the larger the length is, the 
higher the speed is. Though this fact has been already argued by Gross, A. (1907), 
our experiment also has shown this fact. At first the data of every subject are ranked 
in accordance with the length. The series of values which have thus arisen about the 
length may be taken as variable Xp. On the other hand, the values of speed which cor-
respond to the length may be regarded as variable Y P · It may be possible to compare 
or correlate XP with Y P· However we do not present the result of such a treatment, 
because this does not show sufficiently a clear tendency. The values of XP series are 
divided into classes with 2mm range. The arithmetic mean of each class is calculated 
and this becomes class representative. The column X of Table 9 shows such values. 
Then the arithmetic mean is calculated about the class of Y P which corresponds to the 
class of XP values. The results are in column Y of Table 9. 
Table 9 represents a fairly regular tendency between length and speed. Though 
the t ables are not presented about I boys and II girls, they have quite the same tendency 
Table 9. Length and Speed, II Boys 
Pencil Pen Brush 
X y X y X y 
-
37 48.9 37 60.7 46 63.9 
34 49.0 27 34.2 39 23 .0 
28 37.9 25 54.2 37 34 .6 
26 30 .9 23 35.3 35 50.9 
24 41.9 21 29.8 31 32.5 
22 30.8 19 26.6 29 29.9 
20 29.0 17 24.5 27 37.0 
18 26 .2 15 24.0 25 26.5 
16 26.4 13 15.8 23 28.7 
12 17.5 11 18 .6 21 26.8 
10 12.9 9 21.8 19 20.5 
17 17.6 
15 31.1 
X . . .... Length (mm) Y .... .. Speed (mmjsec.) 
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as Table 9. In general, there may be the relation of direct ratio between length and 
speed. For exmaple, Fig. 3 is the graph based on the data of II grils. Therefore we 
seek the equation determining the regression line and besides another relevant values, 
and we get Table 10. Equations of other classes, II grils and I boys are presented in 
Table 11. 
Tool 
pc 
p 
b 
0 5 
Pc 
/ 
I'' 
i 
i 
.......... i 
...... 
b 
Fig. 3 Relation between Length and Speed, II Girls. 
Table 10. Equation about Length and Speed, II Boys 
Error Variance Sum of Frequency Test Level of Equation of Estimate Squares 
u2y·x :sx.• n t Significance 
y =5.19+ 1.31XI 13.55 4722.7 11 24.40 0.001 
Y =3.60+ 1.57X 45.46 658.2 11 5.96 0.001 
Y=7.71+0.96X 85.91 1116.8 13 3.44 0.01 
I 
Table 11. Equation about Length and Speed, II Girls and I Boys 
Tool I II Girls I Boys 
pc 
I 
Y =2.15+ 1.81X Y=l.83+1.27X 
p Y =3.38+ 1.03X Y =2.07 + 1.07X 
b 
I 
Y =3.45+0.76X Y =5.87 +0.58X 
In the Table 10 it is remarkable that the error variance of estimate is small on 
pencil and large on brush. This suggests that brush tends to be influenced by 
various writing conditions of person and environment. Through both tables it is 
suggested that the constant number of X becomes smaller according to the order, 
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pencil, pen and brush, which may show the higher acceleration of pencil movement and 
the lower of brush movement. 
Gross, A. found, comparing the speed of small letter and that of large letter by the 
same subject, that the larger the size of letter is, the higher the speed of writing is, i.e. 
that the time to complete writing one letter is almost constant, whether large or small the 
letter may be. Hirt, E. under Kraepelinian school as well as Gross, A., also found the 
similar fact, stating that the higher speed strengthens the largeness of letter. Goettel, 
W. compared the normal, hindered and quick writing. In every case the speed ranked 
from small to large according to the order as follows: the first class of small size (s, r, e), 
the second class of small size (m, n, u), the upward long letter, and all long letter. 
Our study not only agrees with the above-mentioned findings, but has been able 
to develop the functional relation between the length and the speed. 
6. Discussions 
The above facts may offer many suggestions to our graphology. The size of letters 
IS an important category. For example, in Klages' table, , Tablle IV" in his book, 
,Handschrift und Charakter", the large letter means the ability of enthusiasm or the 
lack of practical sense, the small letter the practical sense or the lack of enthusiasm. 
But the criterion of largeness or smallness is questionable. If we pay attention to the 
difference of writing tool, we need the different criterion on the size of letter. In case 
of the brush we must take the larger scale as the criterion than in case of other tools. 
As to the graphological judgement on the speed, we must consider the real meaning 
of the speed, i.e. whether the distance speed or the piece speed it is. It is probable that 
the "speed" in tables on the relation between handwriting and character means rather 
the piece speed than the distance speed, because the introspective fact, "the brush is 
not feasible", corresponds to the experimental fact on the piece speed: Not the distance 
speed, but the piece speed could discriminate the difference of writing tools. 
The different concepts of speed may contribute to the motroic psychology. The 
person who behaves "speedily" in terms of distance speed is not necessarily speedy 
in terms of piece speed. The efficiency of performance may lie in the piece speed. 
The functional relation between length and distance speed also contains some ques-
tions. Is it a physical, or physiological fact? Or is it a psychological? For instance, 
the writing person may anticipate the length of the line to write and adjust his writing 
speed. Or the speedy writing may product the long line, the slow writing the short 
line as the resultant. Those genetic relations have not been clarified yet, and may be 
future problems to be solved. 
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ZusAMMENFASSUNG 
Vpn., die aus Schiilem in drei Klassen einer hoheren Volksschule bestehen, wurden ange-
wiesen, eine japanische Schrift" 7" 20 Sekunden lang zu schreiben. Aus den Ergebnissen folgt: 
I. Nach der Selbstbeobachtung ist der Bleistift am leichtesten zu manipulieren. Es gibt keinen 
sinnvollen Untershcied zwischen Pinsel und Feder. 2. Beim Pinsel ist man eher geneigt, grossere 
Shcriften zu schreiben. 3. Der gewohnliche Begriff der Geschwindigkeit ist mehrdeutig. Zwei 
Begriffe miissen unterschieden werden. Unter Distanz-Geschwindigkeit versteht man diejenige 
Lange der Linie, in der eiu schreibendes Instrument wahrend der Einheit der Zeit lauft. Als 
Stiick-Geschwindigkeit gilt die Zahl der in einer bestimmten Zeit geschriebene Schriften. 4. 
Betreffs der Distanz-Geschwindigkeit gibt es keinen sinnvollen Untershcied unter den schreibenden 
Instrumenten. Aber betreffs der Stiick-Geschwindigkeit ist der Bleistift am geschwindigsten 
und der Pinsel ist am langsamsten. 5. Je grosser die Longe der zu schreibenden Linie ist, umso 
hoher ist die Distanz-Geschwindigkeit. Wir haben versucht, die funktionale Beiziehung 
zwischen heiden Variablen mit Gleichnng auszudriicken. 
An dieser Stelle werden die Ergebnisse des Versuchs in Sendai in 1943 beschrieben. Der 
zweite Versnch wurdc in Niigata in 1965 angestellt, urn sie weiter festzustellen. 
